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© Device and process for cell capture and recovery. 



© Devices, processes and compositions are provided for effective separation of cells from a mixture of celts, 
where depletion or positive selection may be employed to provide a cellular population of interest Of particular 
utility is the separation of cells from peripheral blood mononuclear cells, where members of the lymphoid or 
myeloid lineages may be isolated and used for research, diagnosis or therapy. Also of interest are cellular 
separation from bone marrow, tumor suspensions or lymphoid tissue suspensions, where ceils can be isolated 
and used for a variety of purposes. The separated cells may be homogeneous, free of exogenous biologicals, 
viable, capable of replication and exhibit their full complement of biological activities. Multiple phenotypes can be 
captured simultaneously. Captured cells can be specifically activated with cytokines and antigens to provide 
cells which are MHC restricted and have antigen -specific effector functions. 



< 

CM 

o 

in 
o 
<* 

o 

tL 
Ui 



Xerox Copy Centre 



EP 0 405 972 A1 



70 



75 



DEVICE AND PROCESS FOR CELL CAPTURE AND RECOVERY 

The subject field concerns cellular separations employing devices having specificity for cell surface 
protTs "a^S,. the ce.lu.ar source will be blood, spina, fluid, bone marrow, tumor homogenates. 

h ^T n ^'2u-fc« where It is of Interest to isolate a specific Cass of e* or to rem** a 
oJ^S^SZXL a mixture of cells. Techniques which have been employed include A^escence 
^I' maSti immunobeads. complement-mediated lysis, affinity 

ceii sonmy. i»«y ' havina substantial densfty differences, such as that 

elutriation «* P«**«» ^^^^JSS^SV^ -"trifugation methodologies. 

SE^^S^S^^. su'ch modular mechanisms are required .j-pj-. 

^JS^r^H^ -ZS": recover the eel, from the beads after separajon; J. -J J are 
freoZivTatS With antibody and magnetic beads, and distinct separations are only drfficu.tJy amoved 

separating different phenotypic subpopulations of cells of like size. 

antib /jL immune defense system becomes elucidated, it is increasingly evident that subsets of c^ can 
, have reSveTnLw ranges of activities. Thus, subsets can be specialized for response to a partocula 

desired resuts, u is ^ « y antibodies on their surface, (2) viable, (3) 

« me Z f may beTsed for research, diagnostic, prophylactic anoVor therapeubc purposes. 

;.? h T2SS?0^ a process to prepare cells from peripheral blood or bone marrow for the 
captured device according to this invention; and 
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de.ce. where the population * the receptor on *, ^J^S^^jZZ £5 

, lg and(s) of inter st. Th conditions for the " ^r AWsufficient time for binding to 

o? turouience to permit tfw partclesto specffica^y ^d t^tlw r^epto ^ ^ ^ 

occur, the medium may be removed and the surface wasnea m je srtes ^ ^ to have a high binding 
Since the paries wili -rmaily be bour^to «to *;»^25i?!ii removal of a., non- 
avidity, the washing may be tarly vigorous to ««« y a ^ vanety rt ^ens or 
specifically bound particles. ^^f^^^elT Optionally, the medium containing the 
treatments, usually involving contact SdTnTiVr-ep^ Release may be achieved 

reagents may then be '^^.^.^^^.Z a lymphokine or physical means such as 
either by treatment with a combination of a m,t ^™^7j a ^ ^used {or their intended purpose, 
pipetting, vibration or station. J-^J^J^J £ SrSre the remaining discussion wi,l be 
For the most part m.xtures of eel s w,ll * ™P»J«^™' ^ use0 for ^ isolation of virus and 

-trass- T sssnsss: ssass 

recipient. rBll . D h V siological fluids for research and 

A second situation is to capture and ^J^^££JZ enumeration and description of 
diagnosis. Diagnostic applicat ions may mclud ' ^ infected mammalian cells. (3) 

captured ,1) malignant ^^^^^SSi ""ids. (4) human fetal cells for karyotypic 
5 viruses or bacteria or parasites *^vw Jrw ^«o8 from ^ marrow 

analysis from blood. (5) transplanted cells ™^*™"Ze marker, such as the presence of 
transplantation, and (6) immune ">^^^*Z^Z%, be interested in (1) the genetic 
the IL-2 receptor, indicating a state * ,«*«*«. J^S^ «?*. physiology of certain classes 
analysis or modification o. ( "f*^ .TaCSular disease process and (3) at the molecular level. 

Parf r«on lies in the capture ^ - 

(activation) and return to the patient of ^^J^^S^S^^ ™* resu,t in 
36 Uture and recovery, processing of the "^^JJ^.eS^ use of these cells. 

numerical expansion and/or aScatton. The first level is biological 

The third situation may be further d.v.ded into three levels ol »PP^ rther fractionation of 

activation of the captured/recovered ^*^^S^iS^^ Tom peripheral blood 
the cells. For example, in the case of an AIDS pat en t ■ ^ PJJT { on in ^ 8econ d level Is selective 

« can be expanded and activated ^subsequent refcm to top*, nt ^ ^ Q{ 

activation. Captured and recovered cells ar e ,urt ^ ° e ^ en and/0 r expanded. For 

captured cells, identified for example by antigen speafictty. ^ ™ ^ ^ed by certain 

example, certain antigen restricted subsets of «J the desired subset to be 

co-culture conditions ^ -^ns of ^^^J^ p^nt-unioue cells for 

« expanded and activated. A third level is in vmo 9 e monocyte or B-cell capture 

activation or suppression of the .mmune '^^SLJSc immune complex or other antigens 
and exposing the captured monocytes ^-cells to a pat ent spate ^ fon ^ 

under conditions which augment monocyte or B ee I "pt ^P ^ ^ 

with increased surface MHC expres ^^^JJ^f-d monocyte or B-ce... The process of 
„ captured from the same patient to mterac w,th the an^ P ^ ^ )ymph node of m 

antigen specific T-cell activation would occur, much ^ subject is 

,ntact animal or human. An additiona. example of < e I ^ int0 tne y ^r&i oeHs and the 
the introduction of exogenous genes v,a v.ral or 0 ^ r J^™ wnicn ^ the exogenous gene, 
subsequent capture in a second device of the '^ a ^^^ d J ni to have a predetermined 
55 The ceilular source may be any m,xture of oete. ^"' ^X of markers or ligands. Cellular 
population which may be defined by single « ™ B P^J^ r L b ,ood. bra in. Wdn y. spleen, heart 
ttJZZTcSXXS XL or neoplastic cells from ,y of *e 
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_ Mrsl<sit(L< . or bacteria mixed with animal cells. The cells are 

above organs. Other sources may ^ P^^' ™ Wh re the cells are not held together, as in 
employed in a flowable form, convenientiy as a dispe r*onJ«n ^ & ^ q{ ^ 

Wood, th blood will usually have red cells. P 1 ^^ ^Tc^r^ng material, the cells may be 
cells. Where the cells are held 2* convention* techniques. The individual 

dispersed either mechanically or enzymaticaliy in ^ by ^ subject method. 

centrifugation or the like. treatments in addition to those described 

The various cell sources may be subjected to a^ variety -of warn ient means , followed 

above. In some situations, it may be desirable to^ J^, b { ^ desirable to expand a 
by dispersion in an appropriate nutrient medium. In ^ B J^Jlb m a^alnrt another group of cells. 
partcX popuiation. where one can ^^^^Z^^Z, factors, or the like. These 
For expansion, various mitogenic agents may be ^^^^\^ a ,, y remove the medium in 
cells will then usually be comprise 1 least about 10 vol % of 

which they have been Isolated « mamtalned. ^'^^^ „ to p^oe a flowable dispersion. The 

cells/cm*, usually from about ^ cm ^° ^ forrn8 For ,he most part, the device will be 
The separation device may take a wide subs tantially free of cross-linking, 

comprised of polystyrene ^^'"S^lai or extruded, so as to have a very 
6 ,ess than about 0.5%. usually less than atari ^^J*^ u Q| MzaX]on . where 

smooth surface. Polystyrene surfaces ol *« natu re a taw IW * ^ (lt should be 

the orientation of the receptor provides "•'J^^ receptor Is Intended a molecule which 
understood in referring to receptor, the em .far the purposes of this invention, the 
is able to specifically bind to a ^^^ f ^^" a ^ wa8U ^ memtow protein which 
» receptor may be a ligand. which includes both ^P ^^^ T-^n receptor, insulin receptor, etc.. or 
specifically bmds to another molecule such as an "J^JJ^ or molecu ,es which are found in 
a molecule which is found intracelluiarly. such as ^ d b ™ m9 m9 mbrane protein which 

body fluids, such as thyroxine binding gtobul in JWJ^J * ^™ ly » ligand .- For convenience, 
binds specifically to the surface bound "receptor reared to atom* y 
35 they will be referred to jointly as conptomm ™^ ^1, p J 0 n. sheet, ho.tow fiber, bead, 
The functionalized polystyrene surface may be the surtaoe v ^ |n ^ 

particle, or the like. For the most V«£«* form of a botue. standard T flask, 

situations other surfaces may find app ca ^ 0 " fl ^/ s ^ m 5 ndrical 0 r serpentine sheets in a container, 
sheets. e.g., a bag or box with multiple "P^JJ' ^ upon ^onionce. the purpose of the 
«, rectangular box or the ^^l l ^Z^^ of invest, the intended treatment, whether 
separation, the interaction wrth other d8*».™ wu 

the'popu.ationo.interestlsas ares^of P"*^^ - *^ ring of the po^tyrene w«h an 
The surface will be denyatized gwbstjrttoj m*« M ^ ^ ^ or M e 

electrophilic reagent, particularly by appIlcation . Relatively mild conditions may be 

description of the reaction may be found in EPAW-* Undef ^ conart i 0ns 0 f 

receptor to the surface. Of particular mterest ^ ^ * Z MM surface, having active 

ss bonded by contacting the proteins in ^ ^l^Z Z^ mM C ° nditk>nS M * *" **" 

halogen, activated carboxy groups, -g-. est rs, or w . usi m appropriate 

compete reaction. Any remaining unreached tartnd 9ro"PS may be » ^ ^ 
small molecule blocking agent For xample. active halogen may 
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* maleimide. or *. In some sKuatior £ Nr ^ ^^m^SK^ 

may will not Interfere with the subsequent steps In ^ P ^™ " U binding h as occurred, 

the non-speciflcally bound receptorand '^^'^^^^^Tcor^m medium win be 
Depending upon the nature of the collection the ra |,e r and then allow 

varied.^ample. with a rol.er SSSTbSTw» a T-flask. or plates- 

E3S=S^= = = = s- •Hb.^^.w^ 

SSr» Stt^-SSS^^ -r - censed . 
press the target cells to the intact surface. y The bag/box will be a 

Of particular interest, .s a dev.ce which ^' l ° " superimposed or stacked one upon the 
container of rigid or flexible ^J^f^^^£Z UTS. Packed cells as a result of 
other and separated from each other to allow , tor flow Wwan- *a s tow int0 ^ 

concentration, e.g.. gradient density . centrHugato" ^^^^Tspersion would spread through 
bag/box which would be maintained ,n a h™"!^ polystyrene surface in the 

5? bag/box. so as to be in contact wrth subst antially f^^^rnJ^o as to allow cells 
bag/box. After sufficient time for the cells to bmd me now below them, so as to 

which are still dispersed or unbound ^^Vmay be centrifuged. once on each 

provide for efficient utilization of the surface. Alternatively, the bagmox m y 

usually from about 15 to 60 min. ~ rt n ftr tirtn device by any convenient means. A 

5 Tne cellular dispersion may be ^^J^^V^ 

pressure differential may be ne technique which aliows for a rate 

. ^subject devices can be steri.ized 

:r^e=gte^= ~ - - ~* " " 

use. substantially none of the receptor bound £ the surfaceis lost ^ ^ fa a ^ 

Once the cells have become bound to ^ , ° C ° ove non - adh erent cells, since the adherent 

36 variety of treatments. Vigorous ^^J^^^Lti medium may be pumped in and 
ceils are bound firmly to the surface a, a^^* g agttation . The wash 

out. ligands flowed through the device, or other means : «m ^ |jk(j ^ 

solution may be delonlzed water, sali ne p ^ JJ^?,** to b.««L 
particular wash solution which is employed will usually ^Jjf «J£ cel , ulalion . (cell depletion), the 

• JToS SrST^llM^ - iected to ^ 

-Tortros^^^ 

subsequent use. Depending "P°^° ' rt °^.^ .HoSm-d with the lymphoid or myeloid 

45 subjected to a wide variety of treatments. ™^^™J££% , particular set or subset of cells, 
lineages, these cells may J^SJ* of tie cells, activation of the cells. 

Thus, various factors may be added which resulHn *e pro^ ^ ^ ^ ^ upQn 

enhancement or reducton of one or more surface rnemoran P n ^ (fee ^ one 

whether one wishes to have all cells bound ^^T^ l'SLn Br . By having a large number of 
eo can provide for an appropriate ratio of receptor to bourn cells .n *e co ^ ^ 

^sr^ irss 2se.« ™ T ^ - pre.. rt 

^-SbSiT-n---^ ^r^ed^mS^'marr^ solid tumors and 
For the most part, the cells of interest w.ll be obtonad from biooo^ t(j ^ 

S6 lymphoid tissue. These cells may be divided into categories of B-ce..s 

considered will b the lymphoid lineage. Th.s I W " rearra nged germline DNA at the 

and Trails, recalls are identified by having sig as , , «rt» «*J«d * 9 ^ rearranged 

immunoglobulin locus. T-cells, for the most part, have CD2 and/or i, 
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two ft- and T-celis will also include specific progenitor cells. 
C5 S£! r rr^^- — of *cel, — cel* a. 

(LAK) celte.Wal kilter <NK) cells, tumor .nfiltratmg lymphocytes 0 m. 

^?^ T S?S^*^ * m0TOCytes - macrophaQes - 

basophils, polymorphonuclear leukocytes ■ *^«*JJ; ^ of ^ interteu Wns. 1-7 or others, when 
ine B-cells may be expanded by ^ e *^t < 2te^av be selected by surface bound antigen, 
discovered, particularly .L-1. «I !^ bte ^en ^ere such antigen may be added 

surface markers (e.g.. CD20) or by ^ c ^"° * which recognizes the antigen will bind the 

to the cells, so that those cells "^"^^^^^^7^3 ol the antigen with the cell's 
antigen to form a complex which ^°^ J ^^^^ im 'which are restricted by the B-cel£ 

plasma cells which recognize the a ^J^!^"* w or ^ shells from any source can be selected 
Alternatively. B-cell fusion ^^^££1 2nd antigen. Desired hybridoma or other B- 
by binding to a polystyrene surface ^-^J?^™ be captured on the polystyrene surface 
i bearing * ^^SSSTZ^S^ Captured cells can then t* 

allowing for antigen-specific selection ^*^«Sda«Hbed in the subject method. Alternatively T-cel s 

TZZ^^^t^*^ by me ~ 8Urface 

toxin, employ antibodies specific lor J^S^ISFE cells responsive to a particular antigeru 
toxic capability. In this way. one may % d J™ be irnrnob m 2 ed on the polystyrene and the 

Alternatively, antigen or a B-oelM ^^^^ily. where memory cells exist, one can reduce 
targeted freed population captured » ™«ry ^Mo* to a particular antigen. 

ST humoral response by substantially dep.etng 2™XSu.Sn as to function. One may divide the 
The T-cell population is more vaned to J^^*^ nelper 0 r suppressor cells and CD8 
mature T-cel. population into CD4 ^ O^rMjWBdW ^ fMM ^ ^ 

MHC Class I restricted cytotoxic and suppressor cells, wne e 

expansion and depletion may be de slrable to activate the T-cells which recognize a 

* For either T-c* population (CD4 or CDS), tt , W*£**>^ [Q{ , ^gen may 

specific antigen. Many strategies can be ^ celis to activate the particular antigen 

tTexoosed to that antigen and then "^gj, may ^ employed as the antgen 
restricted T-cell subset. Attematwely, monocytes or macr p ag ^ ^ ^ ^ ^ for a 

the MHC. . «*i««d as a result of a particular soluble or immobilized 

Biological activation of cells may be ^h.eved ^ a resu n ^ p anUb0(j For examp ,e. Tk^IIs 
ly m P hokiSe. e.g.. IL-2. or by use of a ^f«Wn«ew ^ may ^ „ rele ^ 

may be selected using an ^l^^^,^ to a surface to which a lymphokine has been 
and ^d°te".rw?^ " ^ * ^ " 

SSiStS ^^'^T'eSTSU marrow or Spheral b^ 

stem cells may be as a result of to » the reSptors wii. bind to undesired 

may provide for a series of devices or device sutoectiorw wne ^ may then be 

2 P for the, removal of cells ^£Zt^££S£m *» cells wtth different markers 
isolated, treed of the captured cells and ^,2^ ^ which may then be fr ed followed by further 
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harfng the anaog-^ may Indud isiets of 

achieved, where the cells may be in a CfC^T^ immobilized receptor. Such 

cellular population expressing a surface ^^^^L of the CD (cluster designation 

immobilized receptor can constitute such a ^'"'^f^^ hematolo gi C and Immunologic diseases 
A great variety of autoimmune. "^^acS^ with this Invention. Among autoimmune 
and conditions (the disease field) may be treateo i in ^ infectious diseases are 

diseases are diabetes, lupus erythematosus, and r* uma* * d ~ ™ ^ native bacilli, 
iocallzed and systemic infections due to gram porth. ^cocd. 0™ negat , ^ ^ ^ ^ ^ 
anaerobic bacteria, mycobacteria, **+^S^££ZZ^ and septic shock. Among 
hematologic malignancies. Among n me ^f "y^Sesterol anemia. Among Immunologic 

hematologic diseases are sickle-cell ane mja ^^^^SSSSSy conditions. 
, diseases and conditions are organ by ^ subject process as follows. By an 

These and other diseases or conditions may be ^aresseaoy » ^mmum infectious or 

alternative process, one may Isolate Immune complex* ^ 13 . 1988) . One can use 
neoplastic disease (see co-pending Applicaton f^J.f^y^ as described above which are 
the antigen obtained from the complexes to select for both B- an^T-ce^ ^ ^ ^ ^ ^ 

, activated by the particular antigen. "^ ^6. ^/or T-cells associated with the 
autoimmune or neoplastic disease and either "^JV*^^ or to detect and eliminate the 
disease or activate T- or B-cells to suppress *-j£T£ ££g»« - *• disease, or the ilke. 
neoplastic cells. In this way, one may provide for a Qne provide for selection of 

Alternatively, in cases of infection ? n ^ "case, one would wish to 

. B- and Trails reactive with the ^^^^^^Z^uue defense. Thus, complexes or 
enhance the concentration of the B-and ^J^^T^. disease or the pathogen, autoreactive or 
antigens associated with the pathogen, autoimmune or ^ the defense 

neoplastic cell Itself may be used to J-^**" ^^.SSSTo* using the subject device, 
against the disease. One may isolate the ^° n 'J*°™* J 8 ™ „ defined above to capture the 
35 and use the isolated pathogen or cell as the '™ogen °''°°^™ se[etled . these cells could be 
appropriate T- or B-ce.ls active in TJZZ^** to •» ^ « ™* 

X^r: ztt^-z* - *~ A ,s. ^ or , 

tnera Py- u. - ^..^ fft r nmducino monoclonal antibodies by activating B-cells. 

One may also use the sub)ectdevi« .for producing mon ln tnl8 ^ 

« followed by immortalization of the B^ells "J^E^^X^ administer to a human host 
one can immunize human lymphocytes agal ret ant l ^*°™™*™™ by selection for those specific B- 
and provide for double selection, initially for ^^^Xl^ B-cells specific for the 
cells which are capable of binding to the antigen. ^SoObb specific for the antigen, 

antigen to greatly enhance the probability of obtaining r°^X^^S«^« ^ tsSl is »» use 

50 " 9 The cells may be isolated from the ^Z^^S^^ a 

of a mitogenic agent such as phytohemagglutn.n (PHA* nr co "J" QM . CSF ^ ^ 

factor-like'activity such as an interleukin «J^J£-J^£££ Lnd to the receptor. The 
results in release of the cells by shedding of me l^nds on me ce ^ ^ ^ ^ 

medium may be a standard tissue culture released by physical methods such as 

55 to 5.0 ug/ml of phytohemaggtutinin. Alternately. J^J™ * "JS, p^ng or by sonication using 
mechanical disruption, particularty shearing such » *J*^X^£Sy, a Crest ultrasonics model 
an ultrasonlcator and placing the collection dev,ce .n a water ^° n ™ 
may be employ d. See Menssen. et al .. J. Immuno l. M_thods (1987) w 
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In order to further understand the invention the figures will now be ccnsid red. Fig. 1 is a diagrammatic 
flowchart of a process according to th subject Invention using blood as the source of target cells. The 
drawing involves a first stage involving the s paraxon vessel 10, where red blood cells and platelets are 
removed to provide a supernatant The supernatant 12 Is then transferred to a centrifuge 14 having tubes 

5 16, where the supernatant 12 is centrtfuged to concentrate target cells 20 in the tubes 16. The target celts 
20 are then transferred to a feeding vessel 22, which feeds the target cells through valve 24 into cell 
capture device 26, also depicted in fig. 2. This process is not limited by the example cited. Any commonly 
used method to remove red blood cells, platelets and plasma can be used to achieve target cell population 
20 from peripheral blood or bone marrow. Alternatively, solid tissue may be disaggregated by enzymatic or 

io physical means to achieve target cell population 20. 

Cell capture device 26 has a plurality of polystyrene films or sheets 30 separated by supports 32. On 
the upper films or sheets 30 are indicated the presence of receptors 34 designated as FL The receptors 34 
are only indicated on a few of the Rims or sheets, indicating that the receptors are on both sides of the film 
or sheet although It should be understood that all of the films or sheets are coated on both sides with 

75 receptors. Alternatively, the ceil capture device can be a T-flask, microtiter plate, muttiweii plate, roller 
bottle, cell farm or any other polystyrene vessel ail or part of whose internal polystyrene surface has 
receptor immobilized to it 

The cells enter the cell capture device 26 through conduit 36. When cell capture device 26 is 
substantially full, it is allowed to stand for sufficient time for the cells to settle and contact the receptors on 

20 the film or sheet below the liquid layer. After sufficient time for the cells to have settled and become 
attached, the cell capture device 26 may then be turned over so that cells which have not become 
specifically bound may settle on the reverse side of the films or sheets 30 and become bound to the 
receptors on that side. The cell capture device may then be washed by introducing a wash solution through 
conduit 36 and allowing It to exit through conduit 40, so as to remove non-specifically bound cells, 

25 One or more treatment solutions or cell suspensions may then be introduced to expand the number of 
captured celts, activate the captured cells, deplete a subset of the captured cells, introduce exogenous 
genes into the captured cells, or the like. After the treatment has been completed, the vessel may then be 
washed again to remove the treatment solution, cellular debris, or the like and an appropriate medium 
introduced to maintain the viability of the bound cells. The cells may then be released by adding a medium 

30 containing interleukin-2 and a mitogenic agent, or by taking the cell capture device 26 and introducing it 
into an ultrasonic bath or subjecting It to mechanical vibration or vigorous pipetting. After a short period of 
such physical treatment or under relatively mild sonic vibration, the captured cells are released and may be 
harvested. 

The following examples are offered by way of illustration and not by way of limitation. 

35 

EXPERIMENTAL 



40 

I. DEVICE AND PROCESS VALIDATION 



A. Synthesis of N-{hydroxymethyl) 2-bromoacetamlde (HMBA) and generation of the brornoacetamide 
as polystyrene surface (BA-PS). 



HMBA is synthesized by conventional means (Leonard et ai J. Org. Chem . 50 :2480 (1985)) from 2- 
bromoacetamide, available from commercial sources, in the presence of formalin at pH 10, which provides 
a 93% yield of the starting reactant, N-{hydroxymethyl) 2-bromoacetamide (HMBA). 

60 The second step involves the generation of the bromoacetamide polystyrene surface (BA-PS). In this 
step, 2M trifiic acid and 0.2M HMBA, both in tetram ethylene sulfone (sulfolane), are mixed 1:1 in a volume 
sufficient to cover the inner surface of a polystyrene vessel being activated. The reaction is allowed to 
proceed at 27 "C for 3 hours. The reaction solution is drained, the device washed with water, followed by 
ethanol, and the activated polystyrene chambers are air dried. The resulting bromoacetamide polystyrene 

ss surface is stable In room air for six (6) months. 



B. Cell capture surface preparation, stabilization and sterilization . 



8 
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The next step is the receptor capture (the monoclonal antibody one wishes to covalentfy bind to the 
bromoacetamide-polystyren surface). The monoclonal antibody of Interest is diluted to approximately 0.01 
- 0.05 mg/ml in phosphate buffered saline, pH 7.4. Th appropriate volume of diluted monoclonal antibody 
is introduced into the polystyrene chamber and the reaction is allowed to proceed for from about two to 

6 twenty, preferably about 2 to 4 hours, at 27* C with rotation. The antibody remaining after the reaction is 
decanted and can be re-utilized up to 10 times in subsequent coating reactions. 

The antibody bound device is then washed ten times with phosphate buffered saline (PBS), pH 7.4, and 
the surface is then stabilized by the addition of 2% sucrose/0.2% human serum albumin (HSA), medical 
grade, to each device. The sucrose/albumin solution is allowed to coat the surface, after which the excess 

to sucrose/HSA solution is decanted and the stabilized polystyrene chambers dried 24-96 hours in a vacuum 
(<0.10 Torr) at 25* C. After drying, the vacuum is broken with dry nitrogen and the device is flushed with 
inert, dry gas and capped tightly. The device is sealed and then sterilized. Sterilization Is achieved by 
irradiation with 2.7 ± 0.2 megarads of electron beam or gamma irradiation. Sterility tests showed that the 
flasks were sterile after a 14 day in situ media incubation. 

75 

C. Density of cell capture surface receptor 

A variety of surface functionalizatton groups were employed and tested for the stability of binding of 
so antibody to the surface. The polystyrene was functionalized using N-(hydroxymethyl)2-haloacetamide, 
where the halo group was chloro, bromo or iodo; diazonium and sutfonium. After monoclonal antibody 
attachment using these surfaces, the flasks were each washed 1 0 times with PBS and once with 1 % SDS at 
55* C for 14 hours. The plastic surface was then assayed for radioactivity of the labeled monoclonal 
antibodies and the results expressed as surface density for monoclonal antibody in ng/cm 2 . The 
25 bromoacetamide has a surface density of about 250 ng/cm 2 of antibody, more than 2.5 times that achieved 
by adsorption on an lmmulon-2TM (Dynatek) surface. While the bromoacetamide provided the highest 
surface density, the surface density for the other functionalities fell between 200 and about 240 ng/cm 2 . 



so D. Stability of capture surface receptor . 



The stability of the antibody binding was determined by coating the surface with 0.02 mg/ml of (pS) 
human IgG. The flasks were washed 5 times with borate-carbonate buffer, once with borate-carbonate buffer 
for B hours and twice with borate-carbonate washes over night Aliquots of each wash were saved and 
35 assayed for radioactivity. After the second wash, there was no evidence of any antibody leaching. In a 
second study, using an ELISA assay for the antibody bound to the surface, the results observed showed 
that the amount of extractable antibody was less than the detection limit of the assay, (7.7 ng/ml). 

40 E. Density of cell capture by derivatized polystyrene surface . 



Because the receptor-derivatized polystyrene surface retains its optical clarity, the density of the 
captured ceils per unit area of derivatized polystyrene can be calculated by direct microscopic visualization. 
For most cell capture applications, the density of bound ceils approaches the closest packing of spheres on 
45 a monolayer. For lymphocytes of mouse or human origin, the binding density is from 0.5x10 s cells/cm 2 to 
1x10 6 cells/cm 2 . Depending upon the frequency and size of the target cell in the input cell suspension, the 
density of bound cells can vary widely, from 1x10 s cells/cm 2 for large, rare target cells to greater than 10 10 
cells/cm 2 for small, abundant cells or particles, such as bacteria or viruses. 

so 

F. Specificity of cell capture by the derivatized polystyrene surface . 



Cell binding to the functionalized polystyrene surface is specifically determined by the receptor bound 
to the polystyrene. The following experiment illustrates the specificity of cell binding. Mononuclear cells 
55 were prepared from peripheral blood by standard histopaque centrifugation and diluted to 3x10 s cells/ml of 
PBS. An aliquot of the input was reserved for phenotype analysis by flow cytometry. The cell suspension 
was added to T-25 flasks which contained on their internal bottom surface, a purified monoclonal antibody 
covalently bound by the subject method with specificity for either (1) Thy 1.2 (a murine T-cell marker), (2) 

9 



EP 0 405 972 A1 



TO 
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CDS (Si CDS or (4) an equimolar mixture of CDS and CDS antibodies (human T-cell markers). Cells were 
TtS tnln^B for 30 min th n rocked gently and allowed to settle for an additional 30 min. Non- 
cT£Se ^Si- » the flask surfaL) were recovered by decan.no ?^™T£ 
23 for phenotype composition analyzed by flow cytometry. In all cases, xcept t^Mf ** £ 
wSm> ^nZseen bound to the flask, microscopic examination of the flasks snowed confluent cell 

(notS^entt cell populatJons for the markers CDS. CDS (human T-cells). CD14 (human C ™ 
SumS NkSS aTcD20 (human B-celts) and the relative frequencies of these mark ers i input and 
eZ compared for each flask. The results show no differences be*een * Jj^J 

flask The CDS and CDS flasks showed respectively, greater than 98% depletion of CDS and MCD8 celte m 
Seff™ and the CDS/8 flask showed depletion of CDS and CDS cells to a degree equ.valen to mate* 
STr£' ZosLcific CDS or CDS flask. The markers for monocytes and NK-cells and B-cells showed 
l£JS£Z^*^ as they were not captured by the flask. These data show that (1) ceUs are 
ouanlZlT^s^cificaliy captured by the cell capture device. (2) the functionalized surface does not 
SfS^^l&. O) more than one cell phenotype can be capped simultaneously by a 
bi-derivatJzed polystyrene surface. 



20 



25 



30 



35 



40 



45 



6. Process for cell recovery from the capture device 

Two techniques were employed to recover cells from the capture device. Both show cjuarrtMlve cell 
recove^Tood Siy. absence of monoctonal antibody on the surface of the recovered cells ^andfuH 
bioToS Sty for bom replication and function. The first method, called lymphokine ^'ease^ was tested 
w^D8^otoxic T-cells captured from normal human peripheral blood according to the subject method 
detS atvrLrLanflng of the non-adherent ceils ^ ^^^S^CSS 
observation standard tissue culture media supplemented with recombinant IL-2 (300 units/ml) (usuai.y 
t2Z S SflX units/ml) and phytohemagglutinin (PHA:Gibco 0.1 mg/ml) (usually behmen OA and 
STZnFJS added. After 48 to 72 hours of culture, the captured CDS cells spontaneously detach from 
Jm Sk leaving all the monoclonal antibody covalently attached to the polystyrene surface. 

Truj ' captured^ CD8 cells were shown to be free of surfa^bound monoclonal ,JV tow 

cvtometrv analysis using fluoresceinated anti-mouse antibody. None of the released CDS cells were 
Se7crTuE mouL IgG. Furthermore, the flask can be re-used for cell capture by washing ,n PBS 
SSnino 4^ wTci which regenerates the capture surface. Such re-used flasks perform .coMj 
J^SSlrterw2S repeatedwashing reduces the bound antibody activity. Further * "f^*?* 
LTcriv bv ^polystyrene surface is provided by in situ polystyrene blotting studies m which Relabeled 
S^ouse'lboSy ^Te^id with the derivaflzedWstyrene. washed vigorously and the surface t «m 
^TrbyTioSooraphy or by direct scinti.iation counting. In bo* sets of 

~TJl ls L, v saturated with bound monoclonal antibody Indicating retention of the antibody In the device 

^e d™che?S£ recovered by decanting, can be expanded numerically in standard tissue cuton, 
^^rs^oDlemented with IL-2 and phytohemagglutinin. Viability by Trypan blue exclusion was shown to 
I^^^S^IL recovered' homogeneous cell population could be expanded by two orders of 

^Z^^JiTi^ry. called ultrasonic release, utiles an uttrasonlc ba* (OJ 
, „ J^JT^L *MHT-101«i with an output of 40 to 80 kHz sonic output (main frequency at 40 kHz) 
ieTSZS a w2 bl'yteans of the Crest Vlbra-bar. The power suppry delivers S00 

^ m 90 kHz The urtrasonic bath has an immersion tank of 10 x 14 inches, holding a volume of 6 
Snf o^flSd which coTS^e litre (0.5" from the tank bottom) for sonication in the subiect 
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remains behind when the cells are recovered, providing viable, homogeneous, fully functional cells free of 
monoclonal antibody. 

H. Phenotypic homogeneity of released cells . 



Previously (section F) analysis of input and efflux (non-captured) cell phenotypes showed that cell 
binding by the cell capture device is specified by the monoclonal antibody covalently bound to the device 
surface. In this section, data are presented to confirm and extend these findings by analyzing by Mow 
cytometry the cells recovered from the device by lymphokine release. Mononuclear cells from peripheral 
blood of normal human volunteers were prepared by standard histopaque centrifugation as described and 
Introduced at a concentration of 3x10 s cells/ml PBS into cell capture devices containing either CDS or CD4 
monoclonal antibody covalently bound to the inner surface. After standard incubation and decanting of non- 
attached cells, the captured cells were recovered by incubation for 48 hours with IL-2 and PHA as 
described in section G. The recovered cells were then phenotyped by flow cytometry and cultured in 
standard culture media supplemented with IL-2 and PHA. Aliquots of cells were sampled periodically over 
6-25 days in culture for flow cytometric analysis. The data show greater than 85% homogeneity for CD4* 
and CD8* surface markers on recovered cells from the CD4 and CD8 devices, respectively, at time zero 
(immediately after recovery from the device). More importantly, as the recovered cells logarithmically grow- 
in culture, their phenotypic homogeneity is preserved, with cultures maintaining greater than 95% purity for 
CD4 and CD8 markers, respectively, over the 6-25 day culture period. Released cells are therefore 
homogenous in phenotype and their homogeneity is maintained during in vitro logarithmic growth. 

I. Numerical expansion of released celts . 

CDS* cells recovered by lymphokine drive from a CD8 capture device using human peripheral blood 
mononuclear cells from six (6) different individuals were cultured in standard culture media supplemented 
with IL-2 and PHA (300 unitstoil and 0.1 ug/ml, respectively) in standard culture vessels in a humidified 
incubator at 37* C. Cells were sampled for viability by Trypan blue exclusion and cell number by 
hemocytometer counting periodically over 25 days of culture. Each individual's cells were kept separated 
from the others. The data show greater than 95% cell viability and a two log increase in cell number over 
20 days. These data demonstrate the capability of cells recovered from the capture device to exponentially 
expand in number in standard tissue culture. 

J. Induction of proliferation of recovered cells by immobilized CD3 monoclonal antibody . 

In this study, CDS* cells harvested from peripheral blood of normal volunteers were captured In the 
subject device containing CDS antibody and recovered by lymphokine drive. The recovered cells were then 
cultured in either standard tissue culture flasks using standard tissue culture medium supplemented with 
recombinant IL-2 and PHA, or cultured in the subject device with covalently-bound anti-CD3 monoclonal 
antibody using standard medium without supplementation with either recombinant IL-2 or PHA. Duplicate 
flasks with the anti-CD3 monoclonal antibody were employed. At time zero, equal numbers of cells were 
loaded, respectively, Into flasks A, B and C (A « standard tissue culture flask with IL-2/PHA supplemented 
media; B and C = CD3 subject device without IL2 or PHA). After five days in culture, each culture was split 
into two aliquots and replated in identical flasks under Identical culture conditions. Cells were then 
recounted at day '9, resulting in the following fold-expansions between days 5 and 9: A:27; B2.55; C:6.75. 
Control cultures in which CD8* cells were cuitured in standard tissue culture vessels without IL-2 or PHA 
supplement failed to grow at all. Thus, cell expansion was achieved at the same or greater multiple using 
immobilized anti-CD3 antibody and the subject device as compared to IL-2/PHA supplemented media in a 
standard tissue culture flaski These data demonstrate that by immobilizing a T-cell activating monoclonal 
antibody (CD3) to the polystyrene surface according to the subject method, T-cell activation/proliferation 
can be achieved by the immobilized monoclonal in the absence of soluble activation factors (1L-2/PHA) in 
the culture medium. 



II, SPECIFIC EXAMPLES 
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A. Bona marrow transplantation . 



In this first example, T-ceil depletion for bone marrow transplantation Is xemplified Data indicate that 
the CDS* and CD8* T-cells which are present in bon marrow materia) cause graft-versus-host disease. A 
5 device as described above was prepared using monoclonal antibodies to CDS and CD8 positive human T- 
cells. Aliquots of human bone marrow obtained from normal human volunteers were introduced into a 
subject device and the ceils incubated as described. Non-adherent cells were recovered, phenotyped and 
subjected to In vitro cultures to quantftate enrichment for progenitor cells compared to input non-fractioned 
marrow. The following tables indicate typical results. 

10 

TABLE t 



Depletion of T-celts 


(% depletion of input) 


CDS 


CDS 


CD4 


CD14 


CD16 


CD19 


■ - - ■ ■ ■ 
91 


06 


65 


-129 


-29 


4 



TABLE 2 



25 



CFU-EU 



30 



513 



Enrichment of Progenitors 



(% enrichment over input) 



BFU-E 



833 



CFU-GM 



376 



CFU-M 



311 



CFU-G 



244 



35 



CFU-EU * colony forming units, erythroid units 

BFU-E » burst forming units, erythroid 

CFU-GM « colony forming units, 
granulocyte-monocyte 

CFU-M '= colony forming units, monocyte 

CFU-G « colony forming units, granulocyte 



40 The data in the tables show specific depletion of CDS* and CD8* cells (CD14*. CD16* cells are 
enriched, CD19* cells are unchanged) and 2-6-fold enrichment for progenitor cells. These data illustrate the 
use of the subject method to specifically deplete cells causing graft-versus-host disease while enriching for 
the desired progenitor cells. 

In the second example of bone marrow transplantation applications, the ability of the subject device to 

4$ concentrate a particular rare cell population in a mixture of cells from bone marrow or peripheral blood is 
demonstrated. The cells to be concentrated are progenitor stem cells 'from human bone marrow. In this 
example, the subject device incorporates a CD34 monoclonal antibody covalentiy bound to the polystyrene 
surface, in the first case of this example, human bone marrow samples were introduced into the CD34 
subject device, the cells incubated as described, the non-adherent ceils recovered by decanting and the 

5 0 captured cells recovered by sonication. The three fractions, input, non-adherent and adherent ceils, were 
assayed for CFU-C, a standard assay for progenitor cells. The following table shows the results: 



55 
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TABLE 3 



r 



CFU-C/25,000 
Cefii 



Input celts 
Non-adherent cells 
Adherent cells 



3 
0 

44 



10 



15 



20 



25 



30 



35 



« • ,n«e . .Ml — • » - — * «" ~" ***" - ""^ 

method of cell recovery by sonicabon. mononuclear cells were introduced into another 

,n the second case of this 7*^^^, adherent celte were again recovered 

blood. 

B Anti viral cellular therapy, ej^ AIDS 

~ .c mr the treatment of viral infection, e.g.. AIDS. Is exemplified. The 

,n the next example, a, process tor the « nom ipnera , bloo <l mononuclear 

technique is to expand CDB cells culture in medium containing a lectin and 

cells. The captured CDS cells are ^J^^J^^ tne de tached cells in standard tissue culture 
recombinant IL-2 (lymphokine dnve). ^^^^Sm^ reln.usion Into the patient of origin, 
vessels for 14 to 28 days prior to final "ashing and concentrated with Ficoll-Hypaque were 
Specifically, peripheral blood human ^nuclear cells After 
introduced Into a T-160 polystyrene supplemented with IL-2<300 

one hour of incubation, the blood ™*^^J^^> cells spontaneously detach from the 
un t/ml) and PHA (0.1 ug/ml). After 4*72 ^^"^V^ as demonstrated by flow 

„as k ieaving the antibody covalently attached to J^jjj^? ™ P JZ*» of the detached celis. The 

— " , ,L - 2 - PHA 

as above. ^ fc nnnulation to be 100% positive for CD3 and 98% positive for 

cj^zzsz P rCTrs^ ce„ s h - - 

tor cytotoxic lymphocytes bearing the ^surfe^marker^ |0Qarltt , mica „ y for up to 15-36 days 

Captured CDS* cells from six ^ *™ ^^J^. of the cells during growth at days 7 
in culture with the media containing IL-2 and PHAas abw y ^ fl) 

0 15 and 25. show that the CD3 . CDB P h f^ r ^^3y using concanavalin A-coated-CEM 
me 25 days expansion. In a i^ependem JS^SS. J determined. Substantia, lysis 

srss^^^M ^ s r ss= 

changes which might make 

Tors in wSich the donor PKABC response to ^5*0 non-labeled, non-self 

showed thesis purred o,y for ^ _ ^ ^ ^ , nt0 

^oSi- actMty after isolator , .jd 

These cells were shown to rete^n antogen r£ healthy donors and tested for 

expansion. CD8 cells were harvested ^.^gJ^tU* C*»W autologous B-cells. Ounng 
specific cytotoxicity against chrom.um-labeled * m „ for the selective expansion of 
elation, reduced ■^l^J^SE^ autologous B-ceUs. The protocol for 
CDB* cells with specific reacbvity agamst EBV nQt rimed ^ ^n subjected to 
this assay was to includ a control In which CD8 cells w r g 



40 



45 



SO 



55 



13 



EP 0 405 972 A1 



■ f^E=r£=S5- 



C Tumor infiltrating lymphocyte . ^ patients 

were introduced into devices containing CD4 °r u sonication or lymphoWne drive, tne 

were »' uuuuv - . Hs ^ recovering tnem uy wu n h«nntvDicalN pure CD4 

capturing the CD4 or CDS ceM ^ an viab|e ^ greater ^ 95% ptan^cwy 



n L vmohoWne activated killer cells (LAK) . 
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70 



20 



25 



Jflar ce„s ware added to the collect de.ce coining f^SS^^^ 

, T a T^dv the question of whether the lytic unit acwny w were calculated 

requlnJ to psrtotm «» NK ^< 

infusion after IL-2 activation. 

Fu*.imo». to 5°SSr^T„l t, dta, »** coroo™* «««- « £J ^ „ 
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Claims 

1. A method for changing the composition of a mixtur of repiicatabte biological particles, employing 
receptors specific for at least one ligand present on said particles, wherein said receptors ar bound to a 

5 smooth plastic surface in a substantially uniform dense distribution to provide at saturation for a substan- 
tially uniform layer of particles, said method comprising: 

contacting said surface with said mixture of biological particles for sufficient time for said biological particles 
to bind to said surface; 

vigorously removing non-specifically bound biological particles without significantly disturbing specifically 
10 bound biological particles; and 

releasing said biological particles substantially free of receptor by mechanical disruption or mitogenic 
release employing a mitogenic agent. 

2. A method according to Claim 1 , wherein an interieukin or growth factor is employed with said mitogenic 
agent. 

is 3. A method according to Claim 2, wherein said cells are hematopoietic cells. 

4. A method according to Claim 3, Including the additional step of contacting said specifically bound cells 
free of non-specifically bound cells with at least one of an activating agent, an antigen, a cell capable of 
binding to a surface protein of said bound cell, an immune complex, a mitogenic agent, a transection 
vector, an activating antibody, or a cytotoxic agent. 

ao 5. A method according to claim 1 , wherein said receptors are monoclonal antibodies specific for at least one 
protein marker for a T-cell. 

6. A method according to claim 5, wherein said marker is for a cytotoxic T-cell. 

7. A method according to claim 6, Including the additional step of, prior to releasing, activating said 
cytotoxic T-cell by an immune complex, an activating antibody, an antigen or an antigen presenting cell by 

25 which said T-cell is restricted. 

8. A method for preparing a therapeutic cellular composition for the treatment of an AIDS patient, said 
method comprising: 

contacting peripheral blood mononuclear cells from a patierit with AIDS with monoclonal antibodies specific 
for CD8, wherein said monoclonal antibodies are bound to a smooth plastic surface in a substantially 
30 uniform dense distribution to provide at saturation for a substantially uniform layer of cells, whereby CD8 
cells become bound to said surface; 

removing all non-specifically bound cells from said bound cells to leave CDS bound cells; 
releasing bound cells by sonication or a combination of a mitogenic agent and a lymphokine; and 
expanding said released CD 8* cells in culture with at least one lymphokine for at least 7 days to provide a 
35 substantially homogeneous phenotype population having cytolytic activity for use as a therapeutic agent. 

9. A method for preparing a therapeutic cellular composition for the treatment of a cancer patient, said 
method comprising: 

contacting a tumor or lymphoid tissue suspension from a patient with cancer with monoclonal antibodies 
specific for CD8 or CD4, wherein said monoclonal, antibodies are bound to a smooth plastic surface in a 
40 substantially uniform dense distribution to provide at saturation for a substantially uniform layer of cells, 
whereby CD8 or CD4 + cells become bound to said surface; 

removing all non-specifically bound cells from said bound cells to leave CD8 or CD4 bound cells; 
releasing bound cells by sonication or a combination of mitogenic agent and lymphokine, 
expanding said released CD8* or CD4* cells in culture with at (east one lymphokine for at (east seven days 
45 to provide a substantially homogenous phenotype population having cytolytic activity for use as a 
therapeutic agent 

10. A method for preparing a therapeutic cellular composition for the treatment of autoimmune disease, said 
method comprising: 

contacting peripheral blood, bone marrow, or lymphoid tissue with monoclonal antibodies specific for 
so suppressor-inducer-cells, wherein said monoclonal antibodies are bound to a smooth plastic surface in a 
substantially uniform dense distribution to provide at saturation for a substantially uniform layer of cells, 
whereby suppressor-inducer-cells become bound to said surface; 

removing alt non-specifically bound cells from said bound cells to leave bound suppressor-inducer-cells; 
releasing bound ceils by sonication or a combination of mitogenic agent and lymphokine, wherein said 
55 released ceils have suppressor-inducer activity, 

expanding said released suppressor-inducer-cells in culture with at least one lymphokine for at least seven 
days to provide a substantially homog nous phenotype population having suppressor-inducer activity useful 
to suppress autoimmun disease. 
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11. A method for preparing a therapeutic cellular composition for g ne th rapy, said method comprising: 
contacting peripheral Wood, bone marrow, or lymphoid tissue with monoclonal antibodies specific for 
pluripotent progenitor cells, wherein said monoctonai antibodies are bound to a smooth plastic surface in a 
substantially uniform dense distribution to provide at saturation for a substantially uniform tayer of ceils, 

5 whereby pluripoterrt progenitor cells become bound to said surface; 

removing all non-specifically bound cells from said bound cells to leave pluripotent progenitor bound cells; 
releasing bound cells by sonication or 8 combination of mitogenic agent and h/mphokine, wherein said 
released ceils are pluripotent progenitor cells, 

treating said released cells with a transection vector comprising an exogenous gene capable of expression 
70 in said released cells so as to transform said released pluripotent progenitor cells. 

expanding said transformed released pluripotent progenitor cells in culture with at least one lymphokine for 
at least seven days to provide a substantially" homogenous phenotype population having an activity 
attributable to the presence of said exogenous gene for use as a therapeutic agent 

12. A method for preparing a substantially homogeneous population of lymphokine activated killer cells 
is (LAK cells), said method comprising: 

contacting peripheral blood mononuclear cells from a patient with cancer with monoclonal antibodies 
specific for CD3 or CDS, wherein said monoclonal antibodies are bound to a smooth plastic surface in a 
substantially uniform dense distribution to provide at saturation for a substantially uniform layer of cells, 
whereby CD3* or CDS* cells become bound to said surface; 
20 contacting the CD3 or CDS depleted effluent with monoclonal antibodies specific for CD14, CD19, CD20, 
wherein said monoclonal antibodies are bound to a smooth plastic surface in a substantially uniform dense 
distribution to provide at saturation for a substantially uniform layer of cells, whereby cells positive for at 
least one of CD14, CD19 and CD20 become bound to said surface; and 

culturing unbound cells depleted for CD3, -5, -14, -19 and -20 in a lymphokine containing culture for 
25 sufficient time to expand the cell population or activate the cell population to provide a substantially 
homogeneous LAK cell population having cytolytic activity for tumor cells. 

13. A method for preparing a substantially homogeneous population of activated T-cells, said method 
comprising: 

contacting peripheral blood mononuclear celts with monoclonal antibodies specific for T-cells wherein said 
30 monoclonal antibodies are bound to a smooth plastic surface in a substantially uniform dense distribution to 
provide at saturation for a substantially uniform layer of cells, whereby T-cells become bound to said 
surface; 

releasing said T-cells by means of sonication or mechanical vibration from said antibodies, wherein said 
cells are substantially free of antibodies to T-cells, to provide a substantially homogeneous population of T- 
36 cells; 

contacting said T-cetis with activating CD3 specific monoclonal antibodies, wherein said activating CD3 
monoclonal antibodies are bound to a smooth plastic surface in a substantially uniform dense distribution to 
provide saturation for substantially uniform layer of cells, whereby said T-cells become bound to said 
activating antibodies and thus become activated; and 
40 releasing said bound activated T-cells by means of sonication or mechanical vibration from said activating 
antibodies to provide a substantially homogeneous population of activated T-cells antibodies. 

14. A substantially homogeneous population of cells prepared according to the method of any of claims 5 to 
13. 

45 
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